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We carry out linear and nonlinear analyses on a flow between two infinitely long
concentric cylinders with the radii $a$ and $b$ subject to a axial mutual sliding motion of
the cylinders. Two different approaches are sought to obtain nonlinear solutions: (1)
Our linear stability analysis of the base flow confirm that the flow is always stable
for non-axisymmetric disturbances. It means that the base flow is linearly stable
if ratio $\eta=a/b$ is greater than 0.1415, otherwise instability is always caused by
axisymmetric perturbations which is firstly discovered by Gittler (1993). From the
linear critical point, axisymmetric solutions are bifurcated. (2) Three dimensional
solutions in plane Couette flow (Nagata 1990) can be extended to the annular ge-
ometry. Resulting solution is non-axisymmetric travelling wave solutions. Moreover,
bifurcations of new mirror-symmetric solutions are detected.
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2.1: The configuration of sliding Couette flow.
Fig. 1 $a,$ $b$ $\nu$
$U$
$(r,\theta, z)$
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u$ $=$ $-\nabla p+\Delta u$ , (2.1)
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3.1: The neutral curve determined by axisymmetric perturbations $(m0=0)$ . (a): the
critical Reynolds number $R_{c}$ . (b): the critical axial wavenumber $\alpha_{c}$ .
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3.2: The subcritical bifurcation of the axisymmetric solution with $m0=0$ and $\alpha=$
0.6546 for $\eta=0.1$ . $R_{c}=3.61\cross 10^{6}$ . Circles indicate the linear critical point. The
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(a): $\eta=0.1$
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3.3: The disturbance flow field of the axisymmetric solutions at upper branch. (a):
$(\eta, \alpha, R)=(0.1$ , 0.6465, 45000$)$ , (b): $(\eta, \alpha, R)=(0.5$ , 0.006, 5000$)$ . The upper and lower
figure represents the streamwise velocity and the wall-normal velocity in each case. $x$
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4.1: (a): The saddle-node bifurcations of non-axisymmetric travelling wave solutions
for $(\alpha,\beta)=(0.75$ , 1.5585$)$ . The nonlinear measures are the momentum transport $M$ on
the inner cylinder. Thick solid, thin solid, dashed and dotted curves indicate the cases
for $\eta=1,0.8,0.5$ and 0.4, respectively. (b): The isosurface of the axial variation of the
streaks at $w-U_{B}=\pm 70$ . $(\eta, m_{0}, \alpha, R)=$ (0.5,3,0.51,350). Light$/dark$ gray surfaces
correspond to the fast$/slow$ streaks.
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4.2: The momentum transport of the solutions for $\eta=0.1$ . Solid$/dashed$ curves
represent the non-mirror symmetric/mirror symmetric solutions with $m_{0}=1$ . $(a):R=$
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43: The fluctuation part of streamwise averaged velocity field of the upper branch mir-
ror symmetric travelling waves in sliding Couette flow and plane Couette flow (light: fast,
dark: slow). (a): 4-vortex mirror symmetric solution at $(\eta, \alpha, m_{0}, R)=(O.1,0.77,1,300)$ .
(b): 8-vortex mirror symmetric solution at $(\eta, \alpha, m_{0}, R)=(0.1,0.86,1,300)$ . (c): 4-
vortex mirror symmetric solution at $(\eta, \alpha,\beta, R)=(1,0.73,1.12,2000)$ . (d): 8-vortex
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4.4: The bifurcation diagram of the mirror symmetric solutions in plane Couette flow
at optimal wavenumber pair. (a): 4-vortex solution $(\alpha, \beta)=(0.73,1.12),$ $(b)$ : 8-vortex
solution $(\alpha, \beta)=(0.5,0.71)$ .
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